Background Observational studies and a few clinical trials suggest that use of low nitrosamine smokeless tobacco (snus) can facilitate smoking cessation. To better understand the real-world impact of snus on smoking behaviour, a large-scale, long-term clinical trial of naturalistic snus use among smokers is needed. Study design A nationwide clinical trial compared abstinence outcomes among smokers who were randomised to receive free samples of snus versus not. Participants (N=1236) were recruited throughout the US and assessed for 1 year following a 6-week naturalistic sampling period, with high retention throughout. Primary outcomes included self-reported quit attempts, floating abstinence (any 7-day period of non-smoking) and 7-day point-prevalence abstinence at 6 months and 12 months. Secondary outcomes were changes in smoking, motivation and confidence to quit and adverse events. No tobacco industry support was provided. Results Within snus group, 82% used at least once, and 16% were using regularly at end of sampling period. Compared to control participants, smokers in the snus group were less likely to make any quit attempt (RR=0.83; 95% CI 0.70 to 1.00), and any 24 h quit attempt (RR=0.77; 95% CI 0.63 to 0.95). There were no group differences on any measure of abstinence. Conclusions Provision of snus in a naturalistic context resulted in minimal uptake, and as a whole, undermined quit attempts and did not increase smoking abstinence. Results do not support the unguided, free provision of snus among smokers not motivated to quit as a means to facilitate quit attempts. Trial registration number NCT01509586, Results.
INTRODUCTION
The significant increase of alternative tobacco products has given smokers many more options in addition to combustible cigarettes. Low nitrosamine smokeless tobacco, that is, snus, is one such product, widely used in Scandinavian countries. Compared to conventional cigarettes and conventional smokeless tobacco products, snus is associated with reduced harm to individual users. [1] [2] [3] [4] [5] [6] [7] For example, in Sweden where snus is widely prominent, rates of lung cancer have dramatically declined 8 without increased risk of other cancers. [9] [10] [11] [12] The population impact of snus depends on if and how it is used among smokers, and particularly whether it is adopted as a substitute for cigarettes. Snus could conceivably help smokers to quit cigarettes, or, alternatively, it could maintain dependence, allowing them to circumvent smoking restrictions, and thus, undermine smoking cessation. Scandinavian studies [13] [14] [15] [16] [17] [18] [19] [20] show an association between use of snus and increased quitting of conventional cigarettes. However, most of these studies have been observational, either cross-sectional or cohort studies, and therefore, are limited by selfselection of participants. The optimal test of this question is a randomised trial, of which there have been four. Two such studies, both from Europe, were cessation trials. Danish smokers wanting to quit were randomised to receive snus or not. 21 Abstinence rates were significantly higher at 7 weeks of follow-up (36% vs 21%; OR=2.1) but did not persist after 6 months (23% vs 21%; OR=1.3). A larger, longer and placebo-controlled study from Serbia found a threefold increase in abstinence at 6 months (9.5% vs 3.7%, adjusted OR/AOR=2.7), and a nearly twofold increase at 1 year (15.8% vs 9.3%, AOR=1.9). 22 Among smokers wanting to stop smoking, this evidence suggests snus might be an effective substitute for cigarettes. However, no randomised studies have investigated the impact on smoking behaviour of providing snus to smokers in a naturalistic setting among smokers not motivated to quit.
There have also been two large-scale clinical trials of snus within the USA. The first was a placebo controlled trial in which 250 smokers wanting to quit were randomised to receive active/ placebo snus for 14 weeks, with brief adjunctive behavioural support. 23 Abstinence rates were low, overall, and point-prevalence rates were higher among smokers receiving active vs placebo snus at 6 weeks (18% vs 9%; OR=2.3), 16 weeks (18% vs 8%; OR=2.4), and 28 weeks of follow-up (13% vs 7%; OR=1.9). A more recent study compared effects of snus versus nicotine gum (an active comparator, in contrast with the above studies) among 391 smokers who were 'interested in completely switching'. 24 Abstinence from cigarettes was nearly identical after 3 months of follow-up (27% vs 25%; independently calculated relative risk=1.1). A separate meta-analysis of only the Fagerström (US) 23 and Joksić (Serbian) 22 RCTs suggested a threefold increase in abstinence in favour of snus. 25 The existing evidence leads to the following inferences: (1) only a small number of randomised trials have tested the impact of snus on smoking behaviour, (2) most studies suggest positive (or sometimes non-significant) effects from snus; no published study has shown negative effects on quitting and (3) all randomised trials, to date, have been abstinence focused, recruiting smokers wanting to quit and providing snus with explicit instructions to do so. To better understand the regulatory issues surrounding snus, a study is needed that is both naturalistic (unguided use of snus) and randomised (avoiding biases of self-selection). Additionally, since at any time the majority of smokers are not motivated to quit, 26 27 it is also important to assess how smokers across a broader motivational continuum respond to snus. The present randomised trial was designed to examine the impact of snus use within a naturalistic, non-cessation context. It is the largest and longest trial of snus usage among US smokers.
METHODS

Study overview
Smokers across the USA (N=1236) who did not want to quit were randomised to receive a 6-week supply of snus or not, after which everyone was advised to quit all tobacco products and then followed for 12 months. The primary outcome was incidence and duration of quit attempts. Secondary outcomes were point-prevalence abstinence from cigarette smoking, at 6 months and 12 months, smoking reduction, and associated measures of quitting. No support from the tobacco industry was provided. Given our naturalistic focus, we were granted a waiver of Investigational New Device from the Food and Drug Administration (FDA). All procedures were approved by local (Medical University of South Carolina) IRB review.
Participant recruitment, eligibility, and randomisation
A CONSORT flow of recruitment is shown in figure 1 . Participants were recruited via national market research panels (Knowledge Networks (KN), now GfK). KN emailed to potential study participants a link to a brief study description, and interested individuals then completed a brief online screener to determine eligibility (criteria below). A more complete study description was offered to individuals who were eligible and interested in study participation. This description did not explicitly mention any product by name, but rather stated that the study was a test of a 'new, potentially safer tobacco product. While there is no such thing as a safe tobacco product, some evidence suggests that the product we will be testing could be safer than conventional cigarettes'. This recruitment step also emphasised that (1) smokers would be randomised to receive the new tobacco product or not, (2) product use would be entirely self-determined and (3) there would be no requirement to quit. Those who affirmed interest provided name and full contact information, which was forwarded to the central study office. Study personnel then mailed to each individual a packet consisting of (1) two copies of the consent form, (2) a prepaid, preaddressed return envelope and (3) a baseline questionnaire. Many individuals failed to respond to this mailing. Upon receipt of signed consent at the central study office, individuals were contacted for the first study call, formally commencing study participation. Thus, the final sample of enrolled participants consisted of those who were eligible, returned consent, and completed the initial study call (N=1236). Recruitment took place between October 2011 and August 2013. Among those who were eligible for study participation, there were no significant differences between those who did and did not return consent in terms of age, gender, race, or cigarettes smoked per day.
Participants met the following eligibility criteria: (1) age ≥19 years, (2) daily cigarette smoker of ≥10 cigarettes per day, (3) English speaking, (4) live in the contiguous USA, (5) non-use of smokeless tobacco or other reduced exposure products in prior 6 months, (6) not breastfeeding, pregnant, or planning a pregnancy, (7) no cardiovascular trauma (stroke, myocardial infarction, uncontrolled hypertension) in past 6 months, (8) no quit attempt of ≥1 week in past 6 months, (9) no use of cessation pharmacotherapy in past 3 months and (10) unmotivated to quit smoking in next 30 days, operationalised as (1) ≤7 on a 0-10 contemplation ladder 28 and (2) no intention to quit in the next 30 days (asked yes/no). 29 Participants were allocated to groups using mixed block randomisation (2-8 participants; NQuery Advisor 6.0), stratifying on state-specific cigarette tax (high vs medium vs low), under the notion that uptake of snus and its impact on cessation might vary by state-specific tobacco policies. 30 31 Given our large sample size, we did not stratify on individual-level predictors of quit attempts (eg, dependence, smoking history).
Sampling period and follow-up
During the initial call, participants completed a brief assessment to verify smoking status. Participants were then informed of group status (snus vs control), and briefed on upcoming calls and reimbursement schedule. The sampling period lasted 6 weeks, with an interim call at week 3 (figure 2). The rationale for a 6-week sampling period was to provide (1) participants with sufficient time to sample snus and get adjusted to it and (2) the research team with sufficient time to mail product. At the end of the sampling period (week 6), participants in both groups were given a brief prompt to quit all tobacco products, including snus if still being used. All participants were given a referral to their state quitline. Calls to snus participants were slightly longer in duration during the sampling period as compared with the control group (mean 17.8 vs 13.8 min), but did not meaningfully differ for follow-up calls (mean 9.0 vs 8.3 min for snus, control groups, respectively).
All participants were followed for an additional 12 months, for a total of eight follow-up calls (see figure 2 for study retention). Across all 9888 (8×1236) follow-up calls, 87% were completed (84% snus vs 90% control; p<0.01).
Snus group
During the first call, participants randomly assigned to receive snus were given a brief product overview, how it differentiates from traditional smokeless tobacco, and why it might be considered safer than cigarettes. No explicit usage instructions were given, though participants were told they could use snus to cut down and/or quit smoking (ie, completely switch to snus), and/ or get through smoking restrictions. A repeated theme was that choice and manner of use was entirely self-determined. In all mailings and phone contacts, participants were reminded that snus should (1) not be shared with anyone, (2) be kept away from children and (3) not be used by anyone pregnant or who could be pregnant.
We considered, but opted against, a menu of snus products from which to choose, and rather chose Camel Snus for several reasons. A menu of options would create unwanted variance and need for larger sample size. Evidence available at the time of study initiation, 32 and since, 33 suggested greatest relief of craving and high favourability for Camel Snus. It was also marketed the most aggressively and was at the time of study initiation the only major smokeless tobacco product with its own dedicated website (camel.com).
Participants were given choice of flavour (Winterchill or Robust), 2.5-2.6 mg nicotine per pouch, 24 34 and were mailed 10 tins (15 pouches per tin; total of 150 pouches) to use over the next 3 weeks, split into two mailings. We knowingly oversupplied smokers with snus so that amount of uptake would not be artificially suppressed. At the interim-sampling phone call (week 3), use of snus was assessed in addition to all other outcomes, and again participants were asked if they wished to receive additional product. Another mailing of snus (up to 10 tins) based on preferred flavour was sent, again split across two shipments. Snus was provided free of charge to all participants.
Control group
Participants were matched on all call schedules, including the sampling period during which they were instructed to smoke/ reduce/quit cigarettes as they wish. To equate for free product, these participants received extra reimbursement.
Assessments
The primary outcome was the incidence of quit attempts, both any self-defined and any lasting at least 24 h, per Centers for Disease Control definition. 35 We also assessed cessation, defined as 7-day point-prevalence abstinence, at both 6 and 12 months (ie, 32 and 58 weeks), and in all cases report abstinence among the entire sample. In addition, we assessed floating abstinence, that is, any 7-day period of non-smoking at any point during the study. Floating abstinence is a common outcome in cessation-induction studies, allowing for the possibility that successful abstinence may occur at any time. 36 37 The amount of smoking was based on the average number of cigarettes smoked in the past 7 days. Motivation and confidence to quit were assessed via standard (0-10) ladders, 28 38 each asked in reference to quitting within next month, and each with verbal anchors at polar ends only to minimise clustering around labels (0='very definitely no' vs 10='very definitely yes').
Statistical considerations and data analysis
The study was designed to detect a difference in quit attempts between snus and control groups. With a sample size of 1250, the study was adequately powered (82%) to detect an 8% group difference in the prevalence of quit attempts (eg, 32% vs 40%) with a two-sided α of 0.05. The 32% base rate for quit attempts was based on our prior nationwide study of unmotivated, untreated smokers, 39 conservatively proportioned over a 1-year follow-up. All analyses are based on intent-to-treat, in which participants with missing data were presumed to neither have made a quit attempt nor be abstinent. For the primary outcomes of quit attempts, 24 h quit attempts, 7-day point prevalence abstinence at 6 months and 12 months, and floating abstinence, χ 2 tests were used to compare the rates between groups. Mixed models with repeated measures were used to evaluate outcomes measured multiple times during the study, such as motivation and confidence to quit smoking. Each of these models included group, visit and the group by visit interaction.
RESULTS
Participant characteristics
Participants were generally female, self-identified Caucasian, and middle-aged (table 1) . Most were concerned of the health effects of smoking. By design, participants were minimally motivated to quit smoking, and by expectation were minimally confident to quit and had limited quit history in the past year. With the exception of home smoking policies, there were no differences between groups on baseline characteristics.
General snus use
Within the snus group, 96% opted to receive snus at least once during the sampling period, and 82% used it at least once. Forty-two per cent reported use at the end of the sampling period: 165 (26%) using irregularly (1-5 days of preceding week) and 98 (16%) using regularly (6-7 days). Less than half (40%) reported snus use during the 1-year follow-up period, but only 11% reported independent purchase. A small number of participants reported past-week use at 6 and 12-month follow-up (8% and 4%, respectively). Within the control group, ≤1% of participants reported any snus use at any given follow-up week, on their own accord.
Quit attempts and abstinence
Snus participants were significantly less likely than control participants to report a quit attempt of any kind during the course of the study (table 2) . During the 6-week sampling period, there were no differences in rates of any quit attempt (6.6% vs 5.3% in snus and control groups, respectively) or in rates of any 24 h quit attempts (3.7% vs 3.0%). Restricting analyses to the follow-up period alone, those in the snus group were 
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significantly less likely to make any quit attempt (23.2% vs 29.5%; RR=0.78; 95% CI 0.65 to 0.95), and any 24 h quit attempt (18.2% vs 24.4%; RR=0.75; 95% CI 0.60 to 0.93). There were no differences in rates of floating or pointprevalence abstinence, either at 6-month or 12-month follow-up (table 2) . Within the snus group alone, rates of cigarette-only versus all tobacco (cigarettes + snus) abstinence were nearly identical: 6% versus 5% at 6 months, and 7% versus 7% at 12 months. Among those who made a quit attempt, the longest duration of abstinence also did not vary between snus (61.1 days; SD=98.4) and control (62.3 days; SD=97.3) participants.
Use of cessation medication at any time during the study was significantly lower among snus participants: 9% vs 13% (RR=0.69; 95% CI 0.50 to 0.96). Use of behavioural treatment for smoking cessation ( physician advice, counselling, classes, quitlines) was comparable between groups (25% snus vs 24% control), as was use of any cessation support, either medication or behavioural treatment (28% vs 27%).
Smoking reduction
Participants in both groups reduced the number of cigarettes smoked per day by 23% from baseline to the 1-year follow-up (p<0.0001). There were no between-group differences: 22.4% and 22.9% of snus and control participants, respectively, achieved a 50% reduction in smoking level.
Motivation/confidence to quit
In parallel with the above, there were significant increases over time in both motivation and confidence to quit smoking in the next 30 days (both p<0.0001), but no significant between-group differences and motivation to quit remained low both at the end of the sampling period (mean snus group: 2.0 vs control: 1.9) and at final follow-up (mean snus group: 3.0 vs control: 3.3).
Subgroup comparisons
Sensitivity analyses separately examined incidences of (1) any 24 h quit attempt (figure 3A) and (2) floating abstinence (figure 3B), each as measured across the entire study duration inclusive of the sampling period. Provision of snus significantly undermined quit attempts for participants who were: female; younger than 50 years of age; smoking ≥20 cigarettes per day; participants with tobacco-related health concerns; and who had a history of smokeless tobacco use. There were no differences in rates of floating abstinence within any subgroups tested.
We next compared subgroups of snus participants who (1) never used snus, (2) tried product during sampling period but discontinued use (ie, 'samplers'), (3) reported current infrequent use at end of sampling period, and (4) reported current frequent use at end of sampling period. Compared with control group participants, never and current infrequent users were less likely to make a quit attempt. However, current frequent users of snus at the end of the sampling period were marginally more likely to make a quit attempt as compared with control group participants (RR=1.32; 95% CI 0.99 to 1.83), and were significantly more likely to achieve floating abstinence during the study (RR=1.67; 95% CI 1.15 to 2.43). Within the snus group alone ( figure 3C, D) , with never users as a referent, participants who become current frequent users at the end of the sampling period were more likely to try (RR=2.24; 95% CI 1.30 to 3.86) and succeed (at any point) in quitting (RR=2.21; 95% CI 1.18 to 4.13). 
Adverse events
During the sampling period alone, 240 snus participants (38%) reported a total of 412 adverse events compared with 187 control participants (31%) who reported a total of 300 adverse events ( p=0.005). The between-group self-ratings of symptom severity in the snus versus control group were very similar. There were no snus-related, FDA-defined instances of serious adverse events. The most common side effects reported were nausea (12%), burning in throat or mouth (10%), and heartburn (8%) in the snus group; and headache (16%), nausea (10%), and dry mouth (8%) in the control group.
DISCUSSION
We report herein on 1-year outcomes from a large randomised trial of naturalistic snus use among US smokers, based on smokers not ready to quit, with the notion that assessment of naturalistic use, but under randomised conditions, would best guide policy evaluation of snus. Snus was provided in a manner that optimised the opportunity to observe benefit; that is, removing all barriers to use by providing it at no cost and with home delivery. Our results do not point toward any benefits of snus for quitting, and in contrast with prior studies, suggest that snus may undermine quit attempts, at least among a sample of smokers not ready to quit. We did not find any impact-positive or negative-of snus on abstinence.
The present study contrasts with several prior studies that suggest use of snus may facilitate quitting. 21-25 33 40 Snus may prompt smoking abstinence only when provided to smokers who endorse that intention and who use snus, with accompanying instruction/support to quit. In our study, a small number of snus participants who used the product with regularity showed increased quitting behaviour. On the whole, however, and within all other subgroups tested, our results show that providing snus to smokers who do not wish to quit, devoid of any instruction on how to use it, could be harmful in that it undermines quit attempts, though it has no impact on abstinence.
Within our snus group, there were a small number of participants (n=98; 16%) who, through the sampling period, became frequent snus users. For this subset of participants, outcomes were favourable in terms of inducing quit attempts and abstinence. This subset represents a self-selected sample of participants who were favourable of snus. Separate analyses, presented elsewhere, will differentiate those participants who did versus did not use snus, and will also determine the long-term trajectory of use of snus beyond the sampling period. Nonetheless, snus may offer individual benefits to a small group of smokers who go on to adopt snus.
Though our methods focus on one product alone, we have no reason to suspect that the results for other snus products would not generalise. Of greater concern for generalisability is that our study sample consisted primarily of Caucasian women. While both men and women reported fewer quit attempts within a snus group, this was only significant among women, and this may have influenced our negative results. Additionally, our focus on smokers not wanting to quit may create the impression that it was methodologically biased against snus. We did not believe it ethically appropriate to provide a tobacco product without instructions or support to smokers wanting to quit; anyone with such interest was referred to their state quitline. However, using identical naturalistic sampling methods, we have previously shown that provision of nicotine replacement therapy to smokers who do not want to quit, effectively prompts quitting. 37 41 Thus, the results reported herein are specific to snus and are not attributable to the low motivational status of our sample. One study limitation is the lack of biochemical verification of abstinence, though national guidelines suggest no such need within studies of minimal intervention. 42 Few biomarkers exist that differentiate smoked versus smokeless tobacco, and collection of carbon monoxide breathalyser was not possible given a geographically dispersed sample. Finally, though retention rates favoured the control group, the slight differences make it doubtful that this would materially influence the results.
CONCLUSIONS
In a randomised trial of naturalistic snus use among smokers not wanting to quit, provision of snus led to decreased incidence of quit attempts and had no impact on smoking abstinence. Uptake of snus was generally poor, though a minority of smokers did adopt frequent use, with beneficial impact on quitting. Notwithstanding the potential for snus to lower individual health risk, the overall adverse impact of providing snus in an unguided context to smokers on quit attempts provides clinical and regulatory caution against snus as an inducement or aid for smoking cessation, at least among smokers not yet ready to quit.
What this paper adds
What is already known on this subject ▸ A number of cross-sectional and retrospective surveys, many of which come from Scandinavian settings, suggest an association between use of low nitrosamine smokeless tobacco (ie, snus) and smoking abstinence. ▸ A small number of randomised clinical trials have examined snus for purposes of quitting, with generally suggestive or positive results; that is, snus promotes abstinence.
What important gaps in knowledge exist on this topic ▸ The literature lacks a large-scale clinical trial of naturalistic snus use and impact, particularly among smokers not interested in cessation. Such a trial would inform the regulatory debate on snus as a means of harm reduction and/or cessation induction.
What this study adds ▸ Provision of snus to smokers not yet ready to quit decreased the incidence of quit attempts over a 1-year follow-up period. There was no impact of snus on subsequent abstinence. ▸ Uptake of snus was generally poor and the negative impact on quit attempts provides caution against wide-scale, unguided use of snus as an aid to cessation.
